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(57)AbstraGt: 

PROBLEM TO BE SOLVED: To provide an R-Fe-B 
vertical magnetic anisotropy thin-film magnet, which can 
be sharply improve both of its coercive force and its 
residual magnetic flux density by a film-forming method 
using a sputtering method, and to provide a 
manufacturing method of the magnet. 
SOLUTION: A substrate is subjected to sputtering at 
normal temperatures, without heating the substrate on a t 
composite board consisting of a heat-resistant metallic 
material of thermal conductivity higher than 50 W.m-I.K- 
1 at normal temperatures and a low-heat conduction 
material of a thermal conductivity lower than 1.1 W.m- 
1.K-1 at normal temperatures and after an R-Fe-B alloy 
thin film is formed, heat treatment is conducted on the 
alloy thin film or after a protective film is formed on the 
formed alloy thin film, heat treatment is conducted on 
the protective film. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The R-Fe-B system perpendicular magnetic-anisotropy thin film magnet which was 
formed in ordinary temperature sputtering and heat-treated after membrane formation on the 
compound substrate with which thermal conductivity [ in / in the thermal conductivity in 
ordinary temperature / a -1-K-1 or more 50 W-m heat-resistant metallic material and ordinary 
temperature ] consists of a -1-K-1 or less 1.1 W-m low-fever conduction ingredient and which 
has a perpendicular magnetic anisotropy to a film surface. 

[Claim 2] The R-Fe-B system perpendicular magnetic-anisotropy thin film magnet which 
sequential membrane formation of the R-Fe-B system alloy film and the protective coat was 
carried out in ordinary temperature sputtering, and was heat-treated after membrane formation 
on the compound substrate with which thermal conductivity [ in / in the thermal conductivity in 
ordinary temperature / a -1-K-1 or more 50 W-m heat-resistant metallic material and ordinary 
temperature ] consists of a -1-K-1 or less 1.1 W-m low-fever conduction ingredient and which 
has a perpendicular magnetic anisotropy to a film surface. 

[Claim 3] The manufacture approach of a R-Fe-B system perpendicular magnetic-anisotropy 
thin film magnet including the process to which the thermal conductivity in ordinary temperature 
forms a R-Fe-B system alloy in ordinary temperature sputtering on the compound substrate 
with which the thermal conductivity in a -1-K-1 or more 50 W~m heat-resistant metallic 
material and ordinary temperature consists of a -1-K-1 or less 1.1 W-m low-fever conduction 
ingredient, and the process which heat-treats on the R-Fe-B system alloy alloy film which 
formed membranes. 

[Claim 4] The process to which the thermal conductivity in ordinary temperature forms a R-Fe- 
B system alloy in ordinary temperature sputtering on the compound substrate with which the 
thermal conductivity in a -1-K-1 or more 50 W-m heat-resistant metallic material and ordinary 
temperature consists of a -1-K-1 or less 1.1 W-m low-fever conduction ingredient, The 
manufacture approach of a R-Fe-B system perpendicular magnetic-anisotropy thin film magnet 
including the process which forms a protective coat on the R-Fe-B system alloy film which 
formed membranes, and the process which heat-treats on the R-Fe-B system alloy alloy film 
which has a protective coat. 



[Translation done.] 
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2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the thin film magnet used for a micro motor, a 
micro-actuator, a micro magnetometric sensor, etc., the R-Fe-B system perpendicular 
magnetic-anisotropy thin film magnet which has high coercive force and a high residual magnetic 
flux density, and has a perpendicular magnetic anisotropy to a film surface especially, and its 
manufacture approach. 
[0002] 

[Description of the Prior Art] In recent years, thin shape-ization of the magnet used for a motor, 
ata CHUETA, etc. is demanded with small and high-performance-izing of electronic equipment. 
[0003] The R-Fe-B system permanent magnet which has high coercive force and a high residual 
magnetic flux density for current and these applications is used abundantly. Although a R-Fe-B 
system magnet is the ingredient optimal from the outstanding magnetic properties for thin- 
shape-izing, a sintered magnet and a bond magnet is [ the thickness of about hundreds of 
micrometers ] limitations. 

[0004] Then, it has reported that research of thin-film-izing of a R-Fe-B system magnet was 
made, and got down, for example, as for Cadieu and others, coercive force obtained the thin film 
of 8-14kOe (637 - 1 1 14 kA/m) by RF spatter in 1987 recently (6 Vac. Sci. TechnoL, A 1688 
(1988)). 

[0005] Moreover, Yamasaki and others has reported in 1 990 that coercive force obtained the 
thin film of 3-7kOe (239 - 557 kA/m) by the DC magnetron sputtering method. Furthermore, 
Yamashita and others has got the thin film of coercive force 7kOe (557 kA/m) and residual 
magnetization 9.6kG (0.96T) by the DC magnetron sputtering method at the peak price in 1991 
by the 65.5 to 77B10 to Nd13 - 17Fe17.5 presentation (the Magnetics Society of Japan 15,241- 
244 (1991)). ^ 
[0006] 

[Problem(s) to be Solved by the Invention] By crystallizing depositing the film on the heated 
substrate, each above-mentioned approach tends to make the orientation growth of the c-axis 
of a crystal carry out in the perpendicular direction to a film surface, and tends to obtain 
perpendicular magnetic anisotropy films. 

[0007] Although it is an approach simple for obtaining a thin film magnet, since the above- 
mentioned approach needs to heat a substrate, it has the problem that a substrate deteriorates 
or the structure of equipments, such as a problem of deforming, and temperature management, 
wiring of a substrate, becomes complicated, the problem that the soak nature of the substrate in 
heat treatment is still worse, etc. 

[0008] Moreover, the coercive force of the obtained thin film is not yet practical. The highest in 
the inside of what is being cut by current is 14kOe(s) (1114 kA/m). When thermal resistance etc. 
is taken into consideration since the magnet operating point is low to the degree of pole in case 
a R-Fe-B system thin film magnet is put in practical use, 14kOe(s) (1 114kA/(m)) are insufficient 

for coercive force, and it is desirable. [ of a more high thing ] 

[0009] Artificers proposed the high coercive force R-Fe-B system thin film magnet which was 
formed in sputtering and was previously heat-treated after membrane formation on the substrate 
as a R-Fe-B system thin film magnet with high coercive force, without heating a substrate, and 
its manufacture approach (JP,1 1-288812.A). 
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[0010] However, since the thin filnn magnet in the above-mentioned proposal was isotropy, 
although it was excellent in it had the problem that a residual magnetic flux density was 

small. 

[001 1] This invention aims at offer of the R-Fe-B system perpendicular magnetic-anisotropy 
thin film magnet which raised remarkably coercive force and a residual magnetic flux density and 
which has a perpendicular magnetic anisotropy to a film surface, and its manufacture approach in 
the membrane formation approach by ordinary temperature sputtering which does not heat a 
substrate for the purpose of offer of the R-Fe-B system thin film magnet with which are 
satisfied of both of high coercive force and a high residual magnetic flux density. 
[0012] 

[Means for Solving the Problem] In order that artificers may attain the above-mentioned 
purpose, as a result of inquiring wholeheartedly, the thermal conductivity in ordinary temperature 
on the compound substrate with which the thermal conductivity in a -1-K-1 or more 50 W-m 
heat-resistant metallic material and ordinary temperature consists of a -1-K-l or less 1.1 W-m 
low-fever conduction ingredient After performing sputtering, without heating a substrate and 
making a R-Fe-B system alloy thin film form. By heat-treating on the optimal heat treatment 
conditions which can deposit a single domain particle from the amorphous thin film after 
necessary heat-of-crystallization processing, i.e., sputtering The knowledge of the thin film 
magnet which has a perpendicular magnetic anisotropy to a film surface, and has quantity 
****** and a high residual magnetic flux density being obtained was carried out. 
[0013] Furthermore, in order to prevent the oxidation at the time of heat treatment after R-Fe- 
B system thin film membrane formation, by carrying out membrane formation formation of the 
protective coat further on a R-Fe-B system alloy thin film, artificers did the knowledge of 
degradation prevention of magnetic properties being possible, and completed this invention. 
[0014] The thermal conductivity in ordinary temperature this invention namely, on the compound 
substrate with which the thermal conductivity in a -1-K-l or more 50 W-m heat-resistant 
metallic material and ordinary temperature consists of a -1-K-l or less 1.1 W-m low-fever 
conduction ingredient It is the R-Pe-B system perpendicular magnetic-anisotropy thin film 
magnet which was formed in ordinary temperature sputtering, and was heat-treated after 
membrane formation, or protective coat **** Junji membrane formation was carried out with the 
R-Fe-B system alloy film in ordinary temperature sputtering, and was heat-treated after 
membrane formation and which has a perpendicular magnetic anisotropy to a film surface. 
[0015] Moreover, the process to which, as for this invention, the thermal conductivity in ordinary 
temperature forms a R-Fe-B system alloy in ordinary temperature sputtering on the compound 
substrate with which the thermal conductivity in a -l-K-1 or more 50 W-m heat-resistant 
metallic material and ordinary temperature consists of a -1-K-l or less 1.1 W-m low-fever 
conduction ingredient, It sets at the above-mentioned manufacture approach to the manufacture 
approach of a R-Fe-B system perpendicular magnetic-anisotropy thin film magnet including the 
process which heat-treats on the R-Fe-B system alloy alloy film which formed membranes, or a 
pan. It is the manufacture approach including the process which forms a protective coat on the 
R-Fe-B system alloy film which formed membranes of a R-Fe-B system perpendicular 
magnetic-anisotropy thin film magnet. 
[0016] 

[Embodiment of the Invention] In this invention, any well-known equipments, such as DC 
magnetron sputtering system usually used and RF sputtering system, can be used for sputtering. 
However, in this invention, since heating of a substrate is not needed, substrate heating 
apparatus etc. is not needed. 

[0017] In this invention, as shown in the example mentioned later as target material for 
sputtering, the thing which dissolved and alloyed R, and Fe and B beforehand or the thing which 
has arranged each metal, for example, the thing which has arranged the chip of Nd and B on Fe 
plate, can be used. 

[0018] What is necessary is just to determine the area which each metal in a target occupies so 
that it may be equivalent to the atomic ratio of the thin film magnet which it is going to obtain 
when arranging each metal which consists of R, Fe, and B and considering as a target. For 
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example, to the area of the whole target, if it is the becoming presentation Nd30Fe54B16, Nd will 
arrange each metal so that Fe may occupy and B may occupy 1 6% of area 54% 30%. 
[0019] Moreover, as a presentation of a thin film magnet, all of a well-known R-Pe-B system 
alloy presentation are employable as the presentation list of a target. In order to aim at high 
coercive force, what contains R 20at(s)% - 30at%, and contains 10at(s)% - 16at% for B is 
desirable, and since residual magnetization will fall if ****** of B [ less than / 20at% / and ] 
does not improve [ R ] less than [ 10at% ], but R exceeds and B exceeds 16at(s)% 30at(s)%, it is 
not desirable. 

[0020] This invention is characterized by the thermal conductivity in ordinary temperature using 
the compound substrate with which the thermal conductivity in ordinary temperature serves as a 
-1-K~1 or more 50 W-m heat-resistant metallic material from a -1-K-1 or less 1.1 W^m low- 
fever conduction ingredient as a substrate which forms a R-Fe-B system alloy thin film. That is, 
it becomes possible by keeping the heat by ordinary temperature sputtering warm to a substrate 
to some extent with said compound substrate like before, rather than heating a substrate to 
obtain the R-Fe-B system perpendicular magnetic-anisotropy thin film magnet which the R-Fe- 
B system alloy film formed and heat-treated has a perpendicular magnetic anisotropy to a film 
surface, and has quantity ****** and a high residual magnetic flux density. 
[0021] A compound substrate has the thing which carried out the laminating of the plate or 
sheet of each above-mentioned ingredient, or the desirable thing which carried out sputtering 
membrane formation of the heat-resistant metallic material at the low-fever conduction 
ingredient. Moreover, the above-mentioned compound substrate arranges a heat-resistant 
metallic material side, and is used for the side by which the R-Fe-B system alloy film is formed. 
Moreover, as for the thickness of a substrate, it is desirable that it is 1 mm or less. 
[0022] It is because less than 50 are [ a value ] insufficient as for amorphous-izing of the R-Fe- 
B system alloy film and it becomes impossible for it to acquire desired magnetic properties that 
the thermal conductivity in the ordinary temperature of a heat-resistant metallic material 
considered as -1-K-1 or more 50 W-m after heat-treating in the perpendicular magnetic- 
anisotropy list of the R-Fe-B system alloy film. Moreover, it limited to the heat-resistant 
metallic material for preventing deterioration and deformation of the substrate by heat, and 
controlling a reaction with the R-Fe-B system alloy film also in heat treatment after membrane 
formation. As a heat-resistant metallic material, metals or those alloys, such as Mo, Ta, W, and 
Fe, etc. are desirable. 

[0023] Moreover, when the value exceeded 1.1, the thermal conductivity in the ordinary 
temperature of a low-fever conduction ingredient considered as -1-K-1 or less 1.1 W-m, 
because the heat insulation effect of the substrate mentioned above was not acquired but it 
became impossible to acquire desired magnetic properties after heat-treating in the 
perpendicular magnetic-anisotropy list of the R-Fe-B system alloy film. As a low-fever 
conduction ingredient, soda glass (0.75 W-m -1-K-l), lead glass (0.6 W-m -l-K-1), Pyrex (1.1 
W-m -l-K-1), etc. are desirable. 

[0024] In this invention, it is desirable to form protective coats, such as Ti film, on the R-Fe-B 
system alloy thin film which formed membranes on the substrate by sputtering, for the purpose 

of antioxidizing of a R-Fe-B system alloy thin film, as shown in an example. 

[0025] That is, although it crystallizes by heat treatment since the R-Fe-B system alloy thin film 
after sputtering is in an amorphous condition, in the case of the heat-of-crystallization 
processing. R component in the oxygen in a heat treatment ambient atmosphere and a thin film 
etc. reacts, and there is a possibility that a thin film may oxidize. Therefore, by preparing a 
protective coat, oxidation of a thin film can be prevented and fall prevention of coercive force 
can be aimed at. 

[0026] As a protective coat, Ti film shown in an example can be formed by the gaseous-phase 
forming-membranes methods, such as the sputtering method and vacuum deposition, and is a 
desirable example. The thickness of a protective coat is 100-1000A preferably several 10A - 
1000A of numbers. 

[0027] In this invention, the R-Fe-B system alloy film with which the protective coat was formed 
by the R-Fe-B system alloy film formed in ordinary temperature sputtering on the compound 
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substrate or the front face after membrane formation is in an amorphous condition, and the 
R2Fe14B ferromagnetism phase which has a perpendicular magnetic anisotropy from an 
amorphous phase to a film surface can be deposited by heat-treating for crystallization. 
[0028] The heat treatment conditions of the well-known recrystallization according to the 
presentation of the R-Fe-B system alloy film etc. can adopt heat treatment. For example, as 
shown in the example mentioned later, it is desirable to carry out in the ambient atmosphere in a 
vacuum in temperature [ of 550 degrees C - 700 degrees C ] and time amount 30 minutes - and 
60 minutes because of oxidation control. 

[0029] Although there is especially no problem also in inert gas, in order to lessen oxygen as 
much as possible, once making a heat treatment ambient atmosphere into a vacua, it is desirable 
[ an ambient atmosphere ] to take the technique of carrying out Ar permutation. Moreover, heat 
treatment temperature is not desirable in order that lifting coercive force may decline the grain 
growth which crystallization is not enough and exceeds 700 degrees C at less than 550 degrees 
C. Although influenced by the amount of the class and gestait of the furnace to process, and a 
heat-treated object etc., heat treatment time amount can almost be crystallized, if it is usually 
30 minutes - about 60 minutes. 

[0030] This invention mentioned above enables it in the former to obtain the R-Fe-B system 
perpendicular magnetic-anisotropy thin film magnet which has the high coercive force and the 
high residual magnetic flux density which were not able to be obtained, specifically, the R-Fe-B 
system perpendicular magnetic-anisotropy thin film magnet which has the outstanding magnetic 
properties more than maximum energy product 127.3 kJ/m3 (16MGOe) is obtained more than 
residual magnetic flux density 0.8T (B.OkG) more than coercive force 1393 kA/m (17.5kOe). 
[0031] 

[Example] As a target, the presentation ratio prepared the disk with 5mm [ in thickness ], and a 
diameter of 100mm which consists of Nd20Fe 64B16 and which carried out casting, and fixed to 
the sputtering system. Moreover, as a substrate, Mo sheet with a thickness of 0.1mm and heat- 
resisting glass (Pyrex) with a thickness of 0.5mm were prepared, and the compound substrate 
fixed to the water-cooled substrate holder in a sputtering system in order of said heat-resisting 
glass and Mo sheet was used. Distance between a target and a compound substrate was set to 
50mm, RF sputtering was performed on condition that a 266x10 to 6 Pa ultimate vacuum, 665x10 
to 3 Pa Ar gas pressure, and high-frequency power 350W, without performing heating to a 
substrate, and the R-Fe-B system alloy film which consists of thickness of about 1 micrometer 
was obtained. 

[0032] Next, after exchanging the target for Ti and forming Ti thin film of 300A thickness on this 
R-Fe-B system alloy film, 650 degrees C and heat treatment for 30 minutes were performed 
with the image heat treating furnace by the 399x10 to 6 Pa (266x10 to 4 Pa degree of vacuum 

under heat treatment) ultimate vacuum. 

[0033] As an example substrate of a comparison, except using only Mo sheet, sputtering was 
performed on the same conditions as an example 1 , and the R-Fe-B system alloy film which 
consists of thickness of about 1 micrometer was obtained. 

[0034] The X diffraction result of the obtained thin film magnet is shown in drawing 1 . The (a) 
line in drawing 1 is an example, and the (b) line is as a result of the example of a comparison. 
Although any film is crystallized completely and the Nd2Fe14 B phase deposits as a main phase 
so that clearly from drawing 1 , as for the thin film magnet by this invention shown in (a) in 
drawing 1, Nd2Fe14 B phase is known by that the c-axis stacking tendency strong against a 
perpendicular direction is shown to the film surface, and a thin film has a perpendicular magnetic 
anisotropy to a film surface. It turns out to be it symmetrically that the thin film magnet of (b) in 
drawing 1 exists by the shape of polycrystal of non-orientation. In addition, subphases other than 
Nd2Fe14 B phase were also looked at by the diffraction peak. 

[0035] Moreover, the hysteresis loop which impressed the magnetic field and measured the 
obtained thin film magnet up to a maximum of 20 kOe at the room temperature is shown in 
drawing 2. Drawing 2 (a) is an example and drawing 2 (b) is as a result of the example of a 
comparison. Moreover, as for the perpendicular measurement result of a direction, and the 
duplex slash in drawing, the notation of the reverse of T characters in drawing shows the 
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measurement result of an parallel direction to a film surface to a film surface. It turns out that 
the thin film magnet by this invention shown in drawing 2 (a) has a perpendicular magnetic 
anisotropy so that clearly from drawing 2. On the other hand, it turns out that the thin film 
magnet shown in drawing 2 (b) is a magnetic anisotropy within a field. 

[0036] Moreover, the result of having measured the thin film magnet by this invention obtained in 
the example with the SQUID magnetization measuring instrument is shown in drawing 3. The 
magnetic field was impressed in the perpendicular direction to maximum 5T to the film surface. 
In addition, the hysteresis loop amends demagnetizing field and is shown. The perpendicular 
magnetic-anisotropy thin film magnets of this invention by the example were coercive force 1393 
kA/m (17.5kOe), residual magnetic flux density 0.8T (S.OkG), and maximum energy product 127.3 
kJ/m3 (16MGOe). 

[0037] As shown in the above example, the perpendicular magnetic-anisotropy thin film magnet 
by this invention has the high coercive force and the high residual magnetic flux density which 
were not able to be obtained with an old thin film magnet, and is a utilizable enough property. 
Moreover, the further improvement can be expected by reducing volume ratios, such as 
subphases other than the main phase, by modification of sputtering conditions etc. 
[0038] 

[Effect of the Invention] According to this invention, without oxidizing a thin film magnet, a 
substrate's deteriorating and deforming, or the structure of equipment becoming complicated, 
the R-Fe-B system perpendicular magnetic-anisotropy thin film magnet which has high coercive 
force and a high residual magnetic flux density is obtained, further, by forming protective coats, 
such as Ti, on the R-Fe-B system alloy film, the oxidation at the time of heat treatment can be 
prevented, and degradation of magnetic properties can be prevented. 

[0039] As mentioned above, a micro motor, a micro-actuator, the micro magnetometric sensor of 
the R-Fe-B system perpendicular magnetic-anisotropy thin film magnet by this invention, etc. 
are the optimal for the application as which the permanent magnet of a **** thin shape is 
required. 



[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the chart Fig. showing the X diffraction result of a thin film magnet, and the 
case where the (a) line in drawing is an example and the (b) line is an example of a comparison is 
shown. 

[Drawing 2] It is the graph which shows the magnetic properties of a thin film magnet, and the 

case where (a) is an example and (b) is an example of a comparison is shown. 

[Drawing 3] It is the graph which shows the magnetic properties of the thin film magnet of an 

example. 
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DRAWINGS 
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y ^ J: «9 ffi:a;'3;i58~ HkOe (637~ ll 14kA/m) (^^^^ 
Sr#fcr i:$r®'g-LT»/'>5(Vac. Sci. Technol., A6, 16 
88 (1988) )„ 50 
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[0005] 4fc, |lJll@feJ±, 1990^|C, DC-ry^ha:^:^ 
^< -y ^ ffil- <t t) . {*:j^;^;iS3~7kOe (239~557kA/in) 

Sg^^fc:: t Sr^'S^LTV''^„ i99i^{c:fi, Uj 

13-17 Fe65.s~77 B.o~.7. ^t&^X , McWiUX', i^Mt)! 
kOe (557kA/m) . BSMH:9. 6kG(0. 96T)(Z)^MSr#TV^5 

( 0 ^Jt^mm^^^mis, 241-244 (1991) 

[0006] 

it). mm^Mi^xmw.fi:)j\^i''i^^(Dcmi:M}^^A 

[0007] ±tB»;^&«. ^l^jK5<^»5lc(iffi^7:e:i^^fe 
*Sfe-5„ 

[0008] Sfc. #fe^^fc»l^®^*^K;^l;6^^4ff||ffl6^-C' 

HkA/m) T-fe5„ R - Fe - mnmM^^mmit'ti>w^ 

i*:i^;'3(4l4k0e(1114kA/m)T'fiSt)-f. if^iiV'' 
[0009] mm^h\±. ffi{*B£;'35rWLfcR-Fe-B 

7.y<^y?^) i^^\z.xfim^M^^j$Lmmzm9!m^ntL 

mmW-n - 288812-^)e 

[0010] ±ISS^lc*Jtt5»l^ffi£^{±, 
[0011] rro^Ktt, iif*8i:;^iS.O!ia^®a^^Scoii? 

:^^^£-t-5R-Fe-B^i£KlK^f©ti#t^g6<JiL. £ 
•frfc. I^Blc^rLTSit^^iJK^M^-ttSr^-r-SR-Fe-B 
[0012] 

tTV\ R-Fe-B^-a-^^l^^ffM^-frfc^. mm(Dm^B 
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10013] ?tm^hii. R - Fe - Bmmm^m'^<D 
[0014] ■r^£t>h. ^(omMii. nmci6i-}:6m&mm 

(0015] sfc. z(o^^it. ■^m.ictsi-f ?,m&mmi^5o 
m^fi^. iw • m" . K"' siT<Di&mBmmt fi^hfi^m. 

m-tJiUt^^m - Fe - Bm&m.mnM:^'&n^m^(D 20 

•So 

[0016] 

[0017] Z(Dmmicioi^x . :^y<v^}}yirm^'—^y 

[0018] R, Fe, Bt;{i>b?i5<®*(7)^Jl?riiagb-t<?- 

^-'/-y h^flfc^ffi^lC^LT, Nd;i530%, F 40 
6^554%, B;j5l6%(0®aSrt&46S i 9 ti##a^iBgi- 

^3 o 

[0019] Sfc, h<^m^MWc^i^5©iafife 

i: LTIi, -^^WR - Fe - B^'^c&|a^(7)^^-fi^?rt.^(^ffl 
Tt-5o iiaf*ffil:^Sri6*)i:-f -Sicfi, RSr20at%~30at 

B^10at%~16at«Sr#^r-r'5tiO;JSifSL<. R^S20a 
t%*S§&t)!B;4Sl0atX*g|T-{liSfe;^;a^lPl±-a:-f, R7i530a 

[0020] :L(r>^mt. R-Fe-m-^^n^^m^-t^^ so 
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«<tLT. ^iaii*5{t5flftiK^$/S550W-m" • k" a± 

<oiiff^^jg*t!|sfi:, #ia{c4oJt5fifte#^^n. iw-m 

i)m-t^(DX'\-i.fsi<. H«teii^ssT'Sfi;^^^5'^^ y :^ 

S*^a$ixfcR-Fe-B^^^M;55Mffl(C^LTSE 

[0021] li^sffifi. ±fe#a-i4«s$tfc2)V^tt->- h 

fz. ixm^^mt. R-Fe-B^-a-^M*5^m$nsfiij 

[0022 ] HiJitt^JlIt ipfco ^fi ic io tt 5 fie#*;ei550W 
• m"' • k' iy.±t LfcOfi, ffi/i^507fe^T'fi, R - Fe - B 

^-^t^K^T^/w^ r ;^{t;!is;F+^>-c\ r - Fe - b^^^ 

*^o^lK^©|^^a{Ci3^^-C'bR-Fe-B^-g•^Mir 

Mo, Ta, Fef£i£ar>^mh^\i^\t^fl^<r>^^t£ 

[0023] *fc, {Sfife#tl-!|£|-©^aic3o»t5flRe^^;iS 
1. iw • m"' • k" ^xrt LfcWtt, fjt;iU. l*Sx.5 i:, 
±i® Lfc««(0^ia^*/jS#e,n-f > R - Fe - B^-e-^m 

y— ^^;<f7;=^(o. 75W-ra" • k" ) , 7 ;^ (0. 6W • 

m"' • k" ) , ^■^'f' U s/ ^ ;^ (1. IW • m" • K"' ) i^iifti-is. 

[0024] :l©m3IC^o^^T. R - Fe - m^&M^(Dmit 
R - Fe - B^-a-^SfJ^±|C, lil6^J|C;^i-ri:<, Til^^ 

[0025] i-/i*3*>, :^y<-/^ ])>^'^<DR-Fe-BJ^^^ 

[0026] ^m^t Lx. m:^(immmi'^-rTimit. ^ 

^ioA~^ioooA, if * L< »iioo~ioooAT*i5-5. 
[0027] r(0|&eg('iov>-c, tS^SSR±(-. 
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%.mm\t.%mm^^m^iy^tiYi - Fe - m^^^mir^^ty^ 

[00281 mVm.\t. R-Fe-B^^&Hoffifife^fCf^C/c: 

[00291 llftMa#B8^tt> 

5o 20 

[0030] ±^Lfc::(7?^BJicii9. 

- Fe - E^mm.m%m:^^nmm^^n^ r t ;65 nrtgi: 

''i^o A^^^tCfi. ^a;'3l393kA/m(17.5kOe)a±. ^ 
g^^^ao. 8T (8. OkG) Si±.. Mciz^^^l'^~-mi27. 3kJ 
/at (mGOe)Sk±h(Dmi^tzm%W^^^i-^R - Fe - B 

[00311 

IMMM] hi: L.-C. ffifi£Jt;65Nd» Fe« B.6 

fj'ie^s »)ififc}gLfci?$5nim, tt#100mm(DR1g^2p<i 30 

)¥$0. InuiKDMov'— h iff $0. %vm(r>M^iiy 

i: SJilK^Jg266X10'* Pa. Ar;tf ^JE665X lo" Pa, 

[00321 y^fC, ^ — f V V^mz.-^'&kX^X . IM-Fe-B 40 

300AJ9^WTiS?l^*^I^Lfc^, 

- v'f^^Jta^T. ?lMK^S399X10"' PadRiJaa^'OK 
^S266X10"' Pa)-C650'C, Z'!i^^<n>mV^m^^\^fL. 

[00331 ti:t!J0il 

- Fe - B^^^|g^#fc:, 

[00341 #fctlfc^l^a5(DXi||lHlST^m^|iIltC^-ro 

llllrt»(a)||;a5||Ji0y, (b)i||;6Sifc|!j0iJ(O^*f&-5o 
l2lld^bB^fj;!i^^.e<t5{C. V^-ftl^j^t^^tC^SSfbL 50 
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TiS'J, NdaFeu Blf;jS±ffii: LTtlfWUTV^'5;i^ Ell 
rt<^(a)IC;T5-t-r<^^P^lCi-5^JHK^{l. Nd2Fei4 Bffi 

fc\ |Hl^fc°-^ic{i, NdjFcM Bffijy.^l'WiiJiSfclBtabtv 

[00351 *fc. itf)tvfc^^^:&$r, ^fi.-Cft;;'^20kOe 
*-Cj^«Srfn*PbT»|^Lfc t >^7^ y •>';^-'i'-ySria2 

}C/i^-r„ 1112(a) ;4S^}i0<J, 1212(b) /i51tigf«aj(0*S*T-fc 

ipKOSI^^gm^^-To ia2;6^6>|^e>d»/£j;5f-, 02(3) 

[00361 wMm\^xnf3f\,fiz.(Dmm\^ii^mm 

■To l^®{41^ffiic*t bTaia/£^r[Bj{cft>:5T*T'^J!)P L 

^(4, »^;'3l393kA/m(17. 5kOe) . ^'SWM.^&O. 8T(8. 
OkG), ft:*:^:-^/!^^? — ^127. SkJ/m' (16MG0e) T*fcofc„ 
[00371 ii^±»||ffi^rl(C;T^-t-J; olC, ro^P^lCiSS 

43*9. +5J-»ffl{l:T'#6il#tt-efc-5o ^".^^s'iJ'y 

[00381 

5ri:/j:<, iSi*?K:'3&t/iS^®«:^^S?r«--t--5R-F 

e-B^fiii:BS^M;^tt»M^^/i5#^>n, $e>lw, r-f 

[00391 U±.(^^Oi^. :i(DWM\^ ^ - Fe-Z^mW- 

-To 

[021 mmm^(Dm%^^^7fi-ri/y yxh<o. (a) 
[031 mmM(Dnmm^(Dm%^\ti7r:-rifyyxh 
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(54) R-Fe-B VERTICAL MAGNETIC ANISOTROPY THIN-FILM MAGNET AND 
MANUFACTURING METHOD THEREOF 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an R-Fe-B vertical 
magnetic anisotropy thin-film magnet, which can be sharply 
improve both of its coercive force and its residual magnetic 
flux density by a film-forming method using a sputtering 
method, and to provide a manufacturing method of the 
magnet. 

SOLUTION: A substrate is subjected to sputtering at normal | 
temperatures, without heating the substrate on a composite I 
board consisting of a heat-resistant metallic material of 
thermal conductivity higher than 50 W.m-1 ,K-1 at normal 
temperatures and a low-heat conduction material of a thermal 
conductivity lower than 1.1 W.m-1 .K-1 at normal 
temperatures and after an R-Fe-B alloy thin film is formed, 
heat treatment is conducted on the alloy thin film or after a 
protective film is formed on the formed alloy thin film, heat 
treatment is conducted on the protective film. 
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